Forward-Backward correlations in pp(pp) and Nucleus-Nucleus collisions are discussed in the framework of the string percolation model. The point we want to stress is that such correlations, at low energy, increase with energy and the number of participants, at high energies they are extected to decrease with energy and the number of participating nucleons. At RHIC and LHC these predictions can be tested.
is seen, in [2] , to decrease from 2 ≤ N part ≤ 35, to have a minimum and to increase after, N part > ∼ 35, and in [1] , to increase for N part > ∼ 60 (see Fig.1 ). iii) The parameter k is roughly the same for charged, negatively charged and positively charged distributions, and the function k(N part ) at different energies (say, 60 and 200 GeV) is approximately the same.
These features of the data (the distribution being NBD, the parameter k having a minimum and being universal for a given phase space), antecipated in [3] , are natural in the framework of the dual string model with percolation [4, 5, 6, 7] .
In the present paper we extend the string percolation model of [6, 7] to make predictions, at least qualitative, on the behaviour of the forwardbackward correlation parameter b as a function of N part and √ s.
2-String Percolation Model and Fluctuations
Percolation is a geometrical phenomenon with properties depending essentially on the dimension (dimension 2, impact parameter plane, in our case), being controlled by the transverse density variable η,
where, in the case of strings, r is the transverse radius of the string (r = 0.2f m), R the radius of the overlaping area, andN s the average number of strings. As R andN s depend on the number of participating nucleons, we shall write, making use of multiple scattering framework arguments [5] ,
where
N p s being the, √ s dependent, average number of strings in pp collision at √ s = √ s N N , and R p the radius of the overlaping region in pp. We can thus write:
In the model, when a collision occurs strings are formed along the collision axis. These strings, depending on transverse density parameter η, may form clusters. An event is characterized by N s strings, N c clusters and N i strings per cluster,
If η is fixed, orN s is fixed, we assume, as in [6, 7] that N c is fixed, N c →N c (η). The process of particle production at a given density η is a two step process: production ofN c clusters of strings, followed by particle production by the different clusters. We thus write for the multiplicity distribution, for a given η, or N part , [3] :
where W is a gamma function, p a Poison distribution, andn 1 the single string average multiplicity. In these circumstances P is the NBD with
and
k being the NBD parameter. Note that, for a given η,N s ≡ η(R/r) 2 is not just a function of η, it is also a function of the transverse size parameter R 2 . The same applies to N and, in general, to the moments N q . In order to have scale invariant quantities one needs to introduce ratios N q / N q . For instance, in (9) n is not exclusively a function of η, while in (10) k is.
The quantity 1/k in percolation theory goes to zero as η → 0 (as N decreases and approaches 1) and goes again to zero as η → ∞ (big cluster with N =N s ) [8, 3] . As (
2 ) ≥ 0, this implies that k has (at least) one minimum.
Following [6] , we use the simplest "coin in boxes" model and write
which shows a minimum at η ≃ 1.6. Finally, the average multiplicity n , (9), to take into account low energy behaviour, and including, valence and sea contribution, [6] , is written as:
where α is a reduction factor for sea strings, and F (η) is a colour summation supression factor, [9] ,
3-Forward-Backward Correlations in the String Model
Forward-backward correlations have been previously discussed in the framework of the dual model with production and fusion of strings [10, 11] . The basic idea, as seen before, is that the single string corresponds to a Poisson distribution with short range correlations (via resonances, for instance) and absence of long range forward-backward correlations. This behaviour is present in e + e − at low energy, the simplest example of a single string system. In the model, forward-backward correlations result from multiple production of strings, and such correlations are clearly seen in pp collisions, as the energy increases [12] .
Experimentally, there is a linear relation for n B F , the average number of particles in the backward direction when a number n F of particles is fixed in the forward direction,
where a and b are parameters. The linear relation (14) is correct for models with Poisson-like elementary sources (single string, in our case) [11] . If forward-backward correlations are absent, b = 0 and, for a symmetrical situation, n B F = a = n /2. In the case of strong forward-backward correlations
Absence of forward-backward correlations means D Let P (n F , n B , n ) be the probability of producing n F particles forward and n B particles backward, when the average multiplicity is n . We write
where, again, W is the gamma function and p a Poisson distribution in n F and n B (the Poisson distribution is true for any rapidity section in the string). For a symmetrical situation,N
and it follows that:
We finally obtain, having in mind that, for a cluster of strings, independentely ofN,
and, see (15), (16) and (17),
It is well known [13, 14, 10] that forward-backward correlations are very sensitive to clustering at the stage of particle production. If primary particles produced by the string are in fact resonances that decay into final charged particles, in (26) we have to include, in the average multiplicity, the change from primary to final particles,
where r is the average number of charged particles per resonance, such that (26) becomes
Note that k, (10) , is an invariant quantity not sensitive to such resonance effects. That is the reason why, see (1),
where V (n) ≡ n 2 − n 2 , as seen in data [1] . 
4-Comparison with data
Tests of forward-backward correlations to determine the parameter b require the creation of an empty central rapidity gap to eliminate effects due to short range correlations. However, as we are just looking for qualitative regularities, and not detailed agreements, and there are more data on uncut rapidity windows, we shall use that kind of data. In general, b in uncut intervals is larger than in cut ones, this happening because k/ n (see (26)) collisions. The data points are as in [6] . The cross is a prediction from the Pythia Monte Carlo. The full line corresponds to the percolation solution, the dashed-dotted line corresponds to the no-percolation one.
increases, for small intervals as the rapidity interval decreases [11] . However the energy dependence, what interests us here, is very similar in cut and uncut distributions. We start, by using (12) , to extract from average multiplicity pp(pp) data, the dependence ofN p s on the energy. In Fig.2a we show n as a function of √ s, and in Fig.2b the derived curve forN p s ( √ s). We present two solutions, one corresponding to keeping the percolation reduction factor as given in (13) -continuous line -and the other one -dotted dashed line -the no percolation solution, with F (η) ≡ 1. In both cases,N p s is adjusted to reproduce n , (12), [6] . The quantity (r/R p ) was fixed at the value 1/5,n 1 = 2.9, α = 0.45 (as in [6] ), and was imposed the conditionN p s ( √ s ≃ 10GeV) = 2 (two valence strings at low energy).
In Fig.3 we show our fits to the pp(pp)data on k, as a function of energy. in pp(pp) collisions. The full curve corresponds to the percolation model, the dotted-dashed curve to the no-percolation one. Data points are as in [12] In Fig.4 we present our fit to pp(pp) data on the forward-backward correlation parameter b, by using (38) with constant r, r = 2.32, again with the two solutions. Note that the experimental points cannot go above 1.
Having fixedN √ s = 60GeV. The full curves correspond to full phase-space, the dotted curves to about 1/10 of phase-space.
